To examine the association between central nervous system (CNS) medication dosage burden and risk of serious falls, including hip fractures, in individuals with a history of a recent fall. DESIGN: Nested case-control study. SETTING: Veterans Health Administration (VHA) Community Living Centers (CLCs). PARTICIPANTS: CLC residents aged 65 and older with a history of a fall or hip fracture in the year before a CLC admission between July 1, 2005, and June 30, 2009. Each case (n = 316) was matched to four controls (n = 1264) on age, sex, and length of stay. MEASUREMENTS: Outcomes were serious falls identified using International Classification of Diseases, Ninth Revision (ACD-9) or Current Procedural Terminology (CPT) E codes, diagnosis codes, or procedure codes associated with a VHA emergency department visit or hospitalization during the CLC stay. Bar code medication administration data were used to calculate CNS standardized daily doses (SDDs) for opioid and benzodiazepine receptor agonists, some antidepressants, antiepileptics, and antipsychotics received in the 6 days before the outcome date by dividing residents' actual CNS daily doses by the minimum effective geriatric daily doses and adding the results. Multivariable conditional logistic regression models were used to evaluate the association between total CNS medication dosage burden, categorized as 0, 1 to 2, and 3 or more SDDs, and the outcome of recurrent serious falls. RESULTS: More cases (44.3%) than controls (35.8%) received 3.0 or more CNS SDDs (p = .02). Risk of serious falls was greater in residents with 3.0 or more SDDs than in those with 0 (adjusted odds ratio (aOR)=1.49, 95% confidence interval (CI)=1.03-2.14). Those with 1.0 to 2.9 SDDs had a risk similar to that of those with 0 SDDs (aOR=1.03, 95%CI=0.72-1.48). CONCLUSION: Nursing home residents with a history of a fall or hip fracture receiving 3.0 or more CNS SDDs were more likely to have a recurrent serious fall than those taking no CNS medications. Interventions targeting this vulnerable population may help reduce serious falls. J Am Geriatr Soc 67: 74-80, 2019. 
F alls occur in 10% to 13% of older nursing home (NH) residents. 1 As many as 10% of these falls may be serious (e.g., resulting in hip fracture) and can result in loss of independence, an increase in activity of daily living disability, need for a higher level of skilled nursing care, and greater use of physical restraints. 2 Leading contributors to falls in the NH include a history of falls, cognitive impairment, depression, and central nervous system (CNS) medications (opioid and benzodiazepine receptor agonists, some antidepressants, antiepileptics, antipsychotics). 3, 4 There are several sets of explicit criteria for potentially inappropriate prescribing in older adults (e.g., American Geriatric Society Beers criteria, Screening Tool of Older People's Prescriptions (STOPP)) that recommend in that individuals with a recent history of falls avoid these CNS medications, 5, 6 yet our group published a study showing that more than two-thirds of NH residents with a history of a fall received an interacting CNS medication. 7 In addition, the Beers and STOPP criteria are not intended to provide guidance for prescribers for individuals who have a clinical indication for a CNS medication. Ideally, determining a threshold at which combined CNS medication dosage or burden incurs the greatest risk of falls would help supplement current guidelines on their use in older adults, 8 but evidence to describe a dose-dependent risk in NH residents is limited. [9] [10] [11] [12] [13] A recent study found a limit above which CNS medication burden, defined using standardized daily doses (SDDs), was associated with greater risk of serious falls in Medicare-enrolled NH residents with a history of falls or fractures. 9 That study had several limitations. Namely, medication administration data were not available, so it is not known whether participants received the medications. In addition, there were no data on benzodiazepine use because these medications were not covered under Medicare Part D at the time. Finally, the participant population was predominantly long-term care (length of stay > 90 days), and medication use may differ in individuals with short stays. 9 With these factors in mind, the primary objective of this study was to examine the association between CNS medication burden and risk of serious falls and hip fracture in older Veterans Health Administration (VHA) Community Living Center (CLC) residents with a history of a fall or hip fracture.
METHODS

Research Design, Data Sources, and Sample
This was a nested case-control study of residents aged 65 and older with a history of a fall or hip fracture who were admitted to a VHA CLC between July 1, 2005, and June 30, 2009. The analysis dataset was constructed by linking Minimum Data Set (MDS) version 2.0, Veterans Affairs (VA) Medical SAS datasets, and Bar Code Medication Administration (BCMA) data. The VA Medical SAS datasets provide information on patient characteristics, diagnosis codes, and procedure codes associated with care for all inpatient and outpatient visits and procedures performed. BCMA data contain daily details on the medication administration process in the inpatient setting, which includes CLCs.
To define the sample, we identified residents with a full MDS version 2.0 admission assessment and admission date between July 1, 2005, and June 30, 2009, as recorded on this assessment. Next, we limited the cohort to those aged 65 and older on the date of admission to the VHA CLC and excluded residents who were comatose (MDS field B1) or bedridden (G6 modes of transfer, a = bedfast all or most of time). We then restricted the sample to those with a history of a fall or hip fracture. Using the VHA Medical SAS datasets, we identified those with a history of a fall (E code (880-888)) or hip fracture (ICD-9 diagnosis (820.x), ICD-9 procedure (7855, 7905, 7915, 7925, 7935, 7965), CPT  (27227, 27228, 27230, 27232, 27234-27236, 27238,  27240, 27242 , 27244-27246, 27248) codes) associated with a VHA emergency department (ED) visit or hospitalization within 365 days before the date of admission to the CLC. Individuals could also qualify if a history of a fall or hip fracture (fall within past 30 days, fall within the past 31-180 days, hip fracture within past 180 days) was noted on the MDS assessment. We further excluded residents receiving hospice care (MDS field PIAO = 1) and required them to have a 7-day minimum length of stay. This resulted in a final cohort of 24,869 residents. (See Supplementary Appendix S1 for flow chart of cohort construction.) Residents were followed until an outcome occurred, they were discharged from the CLC, 1 year after their date of admission, or the end of the study period (June 30, 2010), whichever came first. Those with outcomes were defined as cases (N = 316). For each case, we randomly matched 4 controls who had a birthdate within 1 year of that of the case, had a length of stay of 7 days or longer on the date of the outcome, and were the same sex. We had to relax the age criterion from within 1 year to within 5 years for 8 cases (2.5%) to ensure that every case matched to at least 4 controls.
Outcome Measure
The outcome was a serious fall or a hip fracture associated with a VHA ED visit or hospitalization after admission to the CLC. Using previously published and validated approaches, ED visits and inpatient stays with the E codes, ICD-9 procedure (inpatient) or diagnosis codes, or CPT (outpatient) codes listed above were identified using the medical SAS datasets. 14, 15 Exposure BCMA data were used to determine the CNS medications and doses that residents received within 6 days before the outcome date. We used this exposure period to ensure that any new CNS medication, with an average half-life of 24 to 36 hours, would be at a steady state concentration (4 halflives) before the outcome occurred. We excluded medications on the outcome date because they could have been prescribed to treat a resident with a serious fall or hip fracture (e.g., opioids for pain).
We used BCMA data on the name of the medication, dose, dosage form (e.g., tablet, injection), order schedule (e.g., as needed, continuous), order dosage (e.g., 75 mg, 1 tablet, 25 mL), doses ordered (e.g., 1), doses given (e.g., 0), and date and time the medication was administered to determine the total daily dose for each CNS medication a resident received. The CNS medications included were from the following five classes: tricyclic antidepressants, selective serotonin reuptake inhibitors (SSRIs), or serotonin norepinephrine reuptake inhibitors (SNRIs); antiepileptics; antipsychotics; benzodiazepine receptor agonists; and opioid receptor agonists. As described previously, the SDD for each CNS medication was calculated by dividing the resident's actual daily dose, based on BCMA data, by the minimum effective geriatric daily dose (MEGDD). 9, 16 (See Supplementary Appendix S2 for the specific CNS JAGS JANUARY 2019-VOL. 67, NO. 1 CNS MEDICATION BURDEN AND RISK OF FALLSmedications and MEGDD.) We calculated the SDD for each prescription at the daily level and then added them together and divided by 6 to obtain the mean SDD over the 6 days before the outcome. Then, the total CNS medication burden (exposure variable) for each resident was determined using the following equation:
where "CNS drug" is the resident's actual daily dose. (See Supplementary Appendix S3 for an example calculation of SDD.) 9, 16 Similar to previous work, 9, 16 we created a categorical variable for CNS SDD (0, 1.0-2.9, ≥ 3.0) as the main exposure variable. For descriptive purposes only, we also created categorical variables for CNS medication use overall (yes/no), the 5 individual classes of CNS medications, and the number of CNS drug classes used (0, 1, 2, 3-5).
Covariates
We considered factors that can increase the risk of a serious fall or hip fracture; 1,3,4,9 we included glucocorticoid medications because they have been shown to increase the risk of fractures in adults. 17 The covariates from the MDS were age, sex, race and ethnicity, cognitive function, use of a walking aid, vision impairment, wandering, and urinary incontinence on admission to the CLC. Cognitive function was categorized as intact according to the Cognitive Performance Scale (score 0 or 1), mildly to moderately impaired (score 2, 3, 4), and severely impaired (score 5 or 6).
18 MDS data and ICD-9 codes (332, 332.0, 332.1) from VHA Medical SAS datasets were used to determine the presence of Parkinson's disease. We also calculated the Charlson Comorbidity Index, excluding dementia, using ICD-9 codes during the 12 months before admission based on a previously developed method. 19 Using BCMA data, we created variables for the use of other medications on admission that may increase the risk of falls and fractures (other nontricyclic antidepressants, SSRIs, and SNRIs; peripheral alpha blockers; skeletal muscle relaxants; oral glucocorticoids) and the total number of drugs after excluding the CNS medications of interest, the "other" medications listed previously, topical creams, multivitamins, laxatives, and antidiarrheals. Finally, we created variables for CNS medication indications (anxiety disorder, depression, seizure disorder, moderate to severe bodily pain) using data from the MDS and Medical SAS datasets and use of an acetylcholinesterase inhibitor as a marker for dementia using BCMA.
Statistical Methods
We summarized and compared resident characteristics and exposure measures of cases and controls using univariate conditional logistic regression models to account for matching. For the categorical exposure measures, we calculated frequencies and percentages for use of any CNS medication overall and for each class, number of classes of CNS medications, and CNS SDD categories. We calculated means with standard deviations and medians with interquartile ranges for the continuous dose measures of SDD overall and for each class. Finally, we developed multivariable conditional logistic regression models with CNS SDD (0, 1.0-2.9, ≥ 3.0) as the main exposure to evaluate the association between CNS medication burden and serious falls because these cut points were previously used in publications of Medicare NH residents and community-dwelling individuals. 9, 16 The adjusted model included the above-mentioned covariates, except the matching variables. Linear contrast was used to compare the effect of 3.0 or more with 1.0 to 2.9 SDDs. Post hoc sensitivity analyses were also performed using alternative approaches (0 vs < 1.0, 1.0-2.9, 3.0-3.9, ≥ 4; tertiles) to assess whether the risk was different at a different SDD. All analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, NC). The study was approved by the VA Pittsburgh Healthcare System institutional review board, and a waiver of consent was obtained.
RESULTS
The final analysis sample included 1,580 unique residents (316 cases, 1,264 controls) with a mean age of 80; 96.8% were male. Cases and controls were well matched for baseline characteristics except that cases were more likely to be white (86.7% v. 80.9%; p = .03) and have moderate or severe bodily pain (50.9% vs 43.0%; p = .02); controls were more likely to have vision impairment (35.3% vs 28.5%; p = .01) ( Table 1) .
Overall, 80.4% of cases and 77.4% of controls received a CNS medication within 6 days before an outcome (p = .24) ( Table 2) . Cases were more likely to receive a medication from 2 or more CNS classes (p = .009). There was no difference between the groups in percentage who received a drug from the individual CNS medication classes, except that 51.9% of cases and 33.8% of controls received an opioid (p < .001).
When all CNS medications and doses a resident received were included, cases had a mean 4.41 and median 2.50 SDDs; controls had a mean 3.32 and median 1.91 SDDs (p = .002) ( Table 3 ). In addition, a greater proportion of cases received 3.0 or more SDDs (44.3% vs 35.8%; p = .02) (Figure 1 ). Of the individual CNS medication classes, the median SDD for opioids was 0.11 for cases and 0 for controls (p < .001).
Risk of a serious fall was not significantly greater in residents who received a CNS medication SDD of 0.1 to 2.9 than in those who received none in the unadjusted and adjusted analyses (Table 4) , although the odds of a serious fall were greater in residents who received 3.0 or more SDDs of CNS medications than in those who received none (odds ratio (OR)=1.46, 95% confidence interval (CI)=1.04-2.05; Table S1 ).
DISCUSSION
This comprehensive, nested case-control study of older VA CLC residents nationwide who had a history of falls or hip fracture found that those receiving 3.0 or more SDDs of CNS medications had a slightly greater risk of a recurrent serious fall than those receiving fewer than 3.0 SDDs. Post hoc sensitivity analyses were confirmatory of the threshold effect, which was also seen in a non-VHA NH study. 9 In addition, our results are largely consistent with other literature on CNS medication burden in older NH residents. [10] [11] [12] An observational cohort study of NH residents with dementia evaluated the dose-response relationship between CNS medications and falls and found that the risk of falls was almost 3 times as high in those prescribed antipsychotics, sedatives and hypnotics, and antidepressants. 10 Their study used defined daily doses, a World Health Organization term that does not take into account the lower doses recommended for older adults. 13 Another observational cohort study of adults aged 70 and older living in residential aged care facilities in Australia that assessed the dose-response relationship between anticholinergic and sedative medications and falls using the Drug Burden Index (DBI) found almost twice the risk of falls in those with a high DBI.
11
The DBI calculation attempted to account for lower geriatric doses by using the minimum registered dose from Australian prescribing information, although medication exposure was assessed at baseline and from records preceding the 12-month follow-up period, which does not allow for evaluation of nonadherence or changes in medications over time. In a small cohort of skilled nursing facility residents, the risk of falls was highest in those taking 2 or more CNS medications concurrently, 12 although the medication information was pulled from monthly chart reviews, and daily psychotropic medication doses were not measured for a dose-response relationship. 12 A study assessing CNS medication burden using SDDs in Medicare NH residents 9 found almost twice the odds of a serious fall in residents receiving 3.0 or more CNS SDDs as in those not receiving any CNS medications, although benzodiazepine prescription information was not available, and the study relied on dispensing dates and days' supply in Part D prescription fill records to infer SDDs received. By having access to the bar code medication administration data, we could accurately calculate CNS medication doses that residents took daily. Although both studies found an association between CNS medication burden and serious falls at a threshold of 3.0 or more SDDs, there were differences in medications received. A higher proportion of VA CLC cases received opioids, whereas a greater percentage of non-VHA NH cases received antidepressants. It is likely that differences in participant populations account for these findings. For example, more VA CLC residents reported severe pain; in contrast, non-VHA NH residents were more likely to have anxiety and depression. 9 In addition, a higher proportion of VHA CLC residents are admitted for shorter stays, which may involve rehabilitation services or post-acute care recovery. 20 Our results have important clinical implications. In individuals with a history of falls or fractures, alternative medications should be considered that may not be associated with risk (e.g., bupropion for depression instead of SSRIs), 21 although it may be impossible to switch or stop CNS medications altogether in individuals who have no other options and are tolerating the drug. NH healthcare professionals now have another choice; they can consider decreasing doses of CNS medications so that the total SDD is less than 3.0. Older adults usually require lower doses of medications because of physiological changes, so there may be room to decrease the dose without compromising efficacy, although it is important to know how these adjustments affect the individual's health and influence the risk of future falls or fractures.
Although our study addressed the most common limitation from previous studies (no data on actual medication administration), others remain. First, we may have underestimated the number of cases because E codes for falls appear to have been underused. We may also have missed a few outcomes that occurred in residents transferred to non-VA hospitals, but we do not believe this would result in a systematic bias. Also, most medications and doses are captured with BCMA, although some may have been missed (e.g., staff did not scan patient's wrist band). Thus, the results from our study are probably conservative and biased toward null. Next, we did not have start dates for the medications, so we could not assess risk according to new versus chronic use, although we believe that this cohort of older adults receiving CNS medications-new and chronicbetter represents the population in which healthcare providers are intervening. In addition, although we adjusted for multiple covariates, there may be other unknown confounders that would explain the association between CNS medication burden and serious falls. Finally, there is the question of generalizability because the data used in this study are older and may not reflect current prescribing practices if CNS medication use has decreased (fewer individuals with a CNS medication burden of ≥3.0) as a result of newer guidelines such as the Beers and STOPP criteria, 5, 6 although a systematic review from 2016 assessed potentially inappropriate medications (PIMs) in NH residents (a majority of which are CNS drugs) and found an increase in the proportion receiving PIMs in studies published after 2005 (49.8%) than in those from 1990 to 1999 (30.3%). 22 In studies published in 2014 and 2015, the prevalence of at least 1 PIM ranged from 51.4% to 70.6% of NH residents. 22 Also, although opioid use is decreasing in outpatients, opioids are still commonly part of postsurgical rehabilitation pain management, and older veterans are admitted to CLCs for rehabilitation. Therefore, we believe our results remain applicable in a sizable proportion of this population.
CONCLUSION
Older VA CLC residents with a history of falls or hip fracture receiving 3.0 or more CNS medication SDDs were more likely to have another serious fall than those taking no CNS medications. Interventions are needed to target this vulnerable population and evaluate whether decreasing the CNS medication burden below 3.0 SDDs reduces the risk of future serious falls. 
